Abstract. The imbibition efficiency influence factors, such as interfacial tension, emulsification, viscosity, and so on were evaluated for the extra/ultra low permeability outcrop cores and fine oil sands. The experimental results show that for the ordinary low permeability and ultra-low permeability cores, the static imbibition efficiency increases with the decrease of permeability and size of throat and pore radius. At the same time, the emulsification and viscosity of the imbibing agent system should not be higher than a certain value, and the turbidity should be low. The interfacial tension has a suitable range for spontaneous imbibition. Reservoir wettability affects the direction of capillary force. The pore radius and curvature radius of pore port determines the value of capillary force. Thus, the reversion and adjustment of reservoir wettability is an important factor for imbibition oil recovery
Introduction
China's low permeability oil reserves proportion increased year by year, but the producing reserves is in low level (Xie Dainqing, 2007; Zhan Xianliang, 2014 ; Yang lili, 2007; Peng Yanbing,2014; JIANG Lingzhi, et al.,2004) . So far, the average recovery rate of the low permeability oilfield was only 21.4%, 12.6% less than that of the middle and high permeability (Liu Zhe, 2010) . At present, the average recovery rate for more than 50 oilfields are less than 0.5%, these geological reserves of the low inefficient oilfields are about 3.2 million tons (The Characterization of Ultra-low permeability Sandstone Reservoir in Chang 6 Member, 2012; Yang Zhengming, 2005) . How to improve oil recovery of the low permeability oilfield is the current problems should be solved. Because of the poor reservoir property, low permeability, small pore throat, and the interaction between fluid, rocks and crude oil (Cao Jinzhou,2009 ), it is difficult to form the driving differential pressure, thus fluid injection is difficult and the sweep resistance is large. How to overcome the capillary resistance, activate the residual oil and remove the oil film are the key to improve the recovery of low permeability reservoir. Imbibition refers to the process which wetting fluid spontaneously displace non wetting fluid only by capillary forces process in porous media. Many research results show that, imbibition plays an important role on enhancing oil recovery of low permeability reservoir. Therefore, the development and optimization of imbibing agent, study the influence factors, improve and perfect imbibing technology is an important research direction for imbibition oil recovery technology.
Materials and Experimental Methods
Materials: The core is a natural outcrop core, and the permeability is 0.1~20.0×10 3 µm 2 , oil samples are from Maling or Jiyuan, Changqing oilfield, which are light oil and contain mostly saturated hydrocarbons. Water sample is simulated water prepared according to the oilfield brine formation. Maling oilfield is a sodium sulfate type, and the salinity is 23896.5g/L, the density of oil is 0.85g/cm 3 ; Jiyuan oilfield water is calcium chloride type, the salinity is 13919.8g/L, the density of oil is 0.80g/cm 3 . Oil sands using in experiment is prepared by sorted quartz, particle size of 100~160 mesh, and the sand and oil ratio is 7:1, and aged for more than 2 weeks under the formation temperature. Inorganic base is a pure analysis agent, surfactants are industrial grade, and the effective content are 40%, oil flooding agents used in study are CPS from Changqing oilfield, QD-1 from Daqing oilfield and KPS from Xinjiang oilfield, respectively.
Experimental methods: Application the static and dynamic imbibition tests developed in laboratory, the imbibition efficiency and oil displacement efficiency are measured according to Q/SY1583-2013 (Zhang Yi, et al., 2014; Zhang Yi, et al., 2012; ) . Interfacial tension was measured according to SY/T5370-1999, and the contact angle measured according to SY/T 5153-1999. Oil displacement experiment carried out according to SY/T6424-2000. All the experiments were carried out in the corresponding formation temperature.
Experimental Results and Discussion

Relationship between Imbibition and Capillary
Imbibition or spontaneous imbibitions is refer to the process, which the wetting fluid spontaneously drives the non-wetting liquid in porous media only by capillary force. The larger the capillary force, the more the imbibition effect is. Usually the displacing fluid for oil production is water or aqueous solution, therefore, if the reservoir is water wet, water can spontaneously imbibing into pore media and displace oil out by capillary forces, under this condition, the capillary and osmotic effect have the same direction. And for oil wet reservoir, capillary force is resistant to oil production, and water does not spontaneously imbibing into the pore media and displacing oil. At this condition, the rock surface nature must to change and reduce the capillary force. The process are influenced by exterior factors and called forced imbibition or dynamic imbibitions. As shown in Figure 1 , most reservoirs in original state are mixing wet, after a long water flooding, oil in wet parts was produced by capillary pressure and spontaneous imbibitions, and the residual oil exists in the dead ends of the capillary, oil-wet part or the edge that oil displacing agent can not be reached.
From the estimated results shown in table 1, compared with the high permeability reserves, the average pore radius of low permeability is reduced by 2~70 times, and the capillary force increase 2~70 times. Thus, for the low and ultra low permeability, regardless of reservoir wettability, the capillary forces are significant, and cannot be ignored. Oil wetPc＜0
Water wetPc＞0
Neutral wet Pc=0
Effect of Emulsification Viscosity and Turbidity on Imbibition
For the high permeability reservoir the interfacial tension is the most important parameters for screening and evaluation of the oil-displacement agent, when the interfacial tension reached ultra-low (10 -3 mN/m) level the oil displacement efficiency will reach the ideal effect. In recent years, many research results show that the emulsifying properties of oil-displacement agent and the oil displacement efficiency have good consistency. This conclusion whether suitable for the extralow/ultra low permeability reservoir? Because the extra low and ultra low permeability reservoirs are mainly fine sand, bulk closely, high clay content, small throat and pores, and have higher sensitivity to water, acid, alkali and salt. Therefore, the demand for the oil displacement agent is higher, and it is difficult to select. So far, there is no uniform method for the screening and evaluation, the main reason is that the imbibition effect and the influence factors are not sufficiently studied. The emulsifying performances were studied by our established method ( Table 2 is the imbibing efficiency of the oil sand(100~160meshes) from the extra and ultra low permeability reservoirs. The results show that when the interfacial tension at the same level, and the viscosity is larger than 0.8mPa.s, the more stability, the lower the imbibiing efficiency is. When the viscosity is less than 0.8mPa.s and emulsification is below 8%, the imbibing efficiency is larger than 40%. The results indicate that there are restricted requirements for imbibing agents used in extra and ultra low permeability reservoirs. The imbibing agents with high viscosity and emulsification are not favorable for penetration and diffusion, thus the imbibing effect is not ideal. Thus these two indicators should be the necessary index for screening and evaluation of the imbibing agents. The results indicate that the more precipitation, the worse the imbibition effect is, relatively, as shown in Figure 2 . So, for extra low permeability and ultra-low permeability reservoir, in addition to the natural conditions of reservoir pore throat size itself development, the imbibing agent properties have great influence on the of imbibing effect. Therefore, for the selection and optimization of imbibing agents for low permeability reservoir, system with or without precipitation also should be considered. Imbibing agent system with high turbidity and precipitation can block the throat and pore, is not facilitate imbibition and diffusion, block the oil bead migration, thus reduce the wash oil and deoiling effecicy, and affect the oil droplet coalescence and migration.
Effect of Interfacial Tension on Imbibition
Interfacial tension, as the most important index for oil displacing agents selection and evaluation, is always concerned, but during imbibition process how much of the interfacial tension effect should be studied. The statistical results below give some judgment. The interfacial tension between Jiyuan simulating water and crude oil (at 50°C) is 8.397mN/m, and the interfacial tension between Jiyuan simulating water and crude oil (at 70°C) is 0.877mN/m, respectively. The results show that for all the imbibing agents, the imbibing efficiency is better than that of the simulating oilfield water, this is related to the fact that water has carry and driving effects but has less oil washing ability. When the interfacial tension at the same level, and the emulsification stability is less than 10%, the higher the emulsification stability of the imbibing agent, the better the imbibing efficiency is. But when the emulsification stability is larger than 11%, the imbibing efficiency decreased. So in super or extra low permeability reserves, the interfacial tension did not need to reach extra low, and emulsification stability is relative weak.
Relationship between Adhesive Work and Imbibing Efficiency
The adhesion work is work to start the oil drop on the surface of the rock (shown in formula 1), for oil wet surface, the viscous force is large, so the adhesive work is large. Adhesive work is related to the driving fluid's interfacial tension and the rock wettability. When imbibing agent solution affects the oil on the oil-wet rock surface, if the interfacial tension decreased, the contact angle decreased, thus the adhesive work decreased, and the oil on the surfaced was moved. In imbibing agent solution, the adhesion work value difference between crude oil in oil wet mineral when the surface contact angle values keep stable and changed value of the theory of adhesion work is defined as the adhesion work lower values (such as type 2). The changed value of theory of adhesion work refers to the adhesion work difference when the contact angle changed from obtuse angle (150-180゜ ) to 90゜ , this value is also the minimum work values to activate the oil film. The greater adhesion work lower values, the stronger the activating oil film ability is and the better the seepage effect obtained.
where W-adhesion work; Σ-interfacial tension between oil and water;
θ0-contact angle of oil in formation water; θ1-contact angle of oil in imbibing solution; The experiment results show that the imbibing agent can change the contact angle in a short time, the more the contact Angle reduces, the stronger the removing oil ability. The oil film removing times for different imbibing solution in the same system are shown in table 4, and the oil film removing time for six kinds of imbibing solution infiltration absorption agent are different. For two imbibing agents J-4 and J-3, the contact angle have little change for 20 min. 30 min., and the adhesion work vary very little, the actual work of two kinds imbibing agents are lower than the theory, so the oil film do not start for a long time, the result indicates the imbibing ability of two agents are weak. And for other imbibing agents, J-2 (figure 5), J-5 J and J-1, the oil film removing times are short and the contact angle changed dramatically, the adhesion work reduce, the reduction values are higher than the theoretical minimum work. The results indicate that these three kinds of agent are suitable for imbibing agents. 
Conclusions
(1) Water wet reservoir can occur spontaneous imbibition, the smaller the throat radius, the more prone to spontaneous imbibition. Enhanced oil recovery in oil wet reservoir is accomplished by adoption of the chemical imbibing agent to change the wettability, thus change the direction of the capillary force or to reduce the capillary resistance, activating residual oil.
The small pore throat of extra and ultra low permeability reservoir restricts the molecular movement and migration range. Therefore, the emulsification and viscosity of the imbibing agent are not higher than a certain value, and imbibing system has low turbidity; (3) Low interfacial tension of imbibing agent can reduce the capillary resistance, adhesion work, and enhance the start of residual oil. For the spontaneous imbibition, the interfacial tension also has a suitable range.
(4) The greater the adhesion work value, the higher the imbibition efficiency is. This is an important indicator to estimate the performance of imbibition.
